In 1997, two consensus conferences, in Heidelberg, Germany, and Rochester, Minnesota, recognized the existence of benign papillary neoplasms of the renal tubular epithelium that are incidental findings which are orders of magnitude more common than clinically recognized papillary renal cell carcinomas. At the Rochester conference, it was recognized that there are no reliable histological differences between these small tumors and many clinically detected papillary renal cell carcinomas, so renal papillary adenoma was defined on the basis of size of Յ5 mm, whereas larger tumors were classified as papillary renal cell carcinomas (1). An alternative proposal was that there should be a cytogenetic definition (2). This was based on reports that papillary renal cell carcinomas have gains of chromosomes 7, 12, 16, 17, and 20, whereas small papillary renal tumors have only gains of chromosomes 7 and 17 and loss of the Y chromosome. These observations also led to the idea that acquisition of additional trisomies of different chromosomes transforms papillary adenoma into papillary renal cell carcinoma. (3, 4) . Those studies included very few tumors of Յ5 mm in diameter because tumors of this size are difficult to study by classic cytogenetic meth-
In 1997, two consensus conferences, in Heidelberg, Germany, and Rochester, Minnesota, recognized the existence of benign papillary neoplasms of the renal tubular epithelium that are incidental findings which are orders of magnitude more common than clinically recognized papillary renal cell carcinomas. At the Rochester conference, it was recognized that there are no reliable histological differences between these small tumors and many clinically detected papillary renal cell carcinomas, so renal papillary adenoma was defined on the basis of size of Յ5 mm, whereas larger tumors were classified as papillary renal cell carcinomas (1) . An alternative proposal was that there should be a cytogenetic definition (2) . This was based on reports that papillary renal cell carcinomas have gains of chromosomes 7, 12, 16, 17 , and 20, whereas small papillary renal tumors have only gains of chromosomes 7 and 17 and loss of the Y chromosome. These observations also led to the idea that acquisition of additional trisomies of different chromosomes transforms papillary adenoma into papillary renal cell carcinoma. (3, 4) . Those studies included very few tumors of Յ5 mm in diameter because tumors of this size are difficult to study by classic cytogenetic meth-ods. To test the hypothesis that gains of chromosomes are limited in renal papillary adenomas, we studied the numbers of chromosomes 7, 17, 12, 16, 20 , and Y in 10 papillary adenomas and 10 papillary renal cell carcinomas with interphase cytogenetics using fluorescent in situ hybridization with centromeric probes for chromosomes in paraffin sections.
MATERIAL AND METHODS

Tissue Samples
Ten papillary adenomas, ranging from 1 to 5 mm in diameter (mean, 3 mm) from autopsy material and 10 surgically resected papillary renal cell carcinomas, with adjacent normal renal parenchyma, were selected from the archives of the Department of Pathology and Laboratory Medicine, Indiana University, Indianapolis, Indiana. We selected the papillary renal cell carcinomas to avoid tumors rich in inflammatory cells.
Fluorescence In Situ Hybridization
Sections 5 m thick were cut from paraffin blocks. The paraffin was removed from the sections with two 10-minute washes in xylene. After hydrating in 100%, 85%, and 70% ethanol solutions (10 min each) and rinsing in distilled water (10 min) and twice in phosphate-buffered saline (pH 7, 10 min each), the slides were fixed in methanol-acetic acid 3:1 for 10 minutes and air dried. The sections were treated in a 2ϫ standard saline citrate solution (SSC) for 15 minutes at 37°C and then dehydrated in consecutive 70%, 85%, and 100% ethanol solutions for 1 minute each and then dried. The sections were bathed in 0.1 mM citric acid (pH 6) solution at 85°C for 1 hour. Then they were again dehydrated in a series of ethanol solutions and dried. The tissue was digested by applying 0.75 mL of pepsin (Sigma, St. Louis, MO) solution (4 mg/mL in 0.9% NaCl, pH 1.5) to each slide and incubating the slides in a humidified box for 30 minutes at 37°C. The slides were rinsed with distilled water for a few seconds, dehydrated again in graded ethanol solutions, and dried. Centromeric probes for chromosomes 7, 17, 12, 16, 20 , and Y (Vysis) were used. Each probe was diluted 1:100 in tDenHyb1 buffer (Insitus, Albuquerque, NM). Ten microliters of diluted probe was applied to each slide, and coverslips were placed over the slides. Denaturation was achieved by incubating the slides at 80°C for 10 minutes in a humidified box, then hybridization was done at 37°C for 3 hours. The coverslips were then removed, and the slides were immersed at room temperature in 0.5ϫ SSC for 2 minutes, in 50% formamide/1ϫ SSC for 5 minutes, and in 2ϫ SSC for 2 minutes. The slides were air-dried and counterstained with 10 L DAPI/Antifade (DAPI in Fluorguard, 0.5 g/mL; Insitus).
The slides were examined using an Olympus IX-50 microscope (Olympus, Tokyo, Japan) with filters: blue filter cube (Arcturus, Mountain View, CA) for SpectrumGreen (centromeric probes for chromosomes 7, 12, 17, and Y) Vysis probes, SpectrumOrange Filter (Chroma, Brattleboro, VT) for SpectrumOrange (centromeric probes for chromosomes 16 and 20) Vysis probes, and the UV Filter (Chroma) for the DAPI nuclear counterstain. The signals were recorded with a CCD camera.
In Situ Hybridization Analysis
The criteria for evaluating the fluorescence in situ hybridization signals were adapted from Hopman et al. (5, 6 ) From 100 to 200 nuclei were scored for alpha-satellite signals observed with the fluorescence microscope at 400ϫ magnification. As much as possible, signals from solitary nuclei were counted, but groups of two or three adjacent but not overlapping nuclei were occasionally included in the counts. Nuclei were counted when the entire nuclear circumference had a round-to-oval contour and showed no evidence of fragmentation. Two signals of the same size in close proximity, not connected by a link, were counted as two signals. A diffuse signal was regarded as a signal if it was contiguous and within an acceptable boundary. Two small signals connected by a visible link were counted as one signal. Overlapping nuclei and nuclei with uncertain signals were not counted. There was no significant variation in hybridization efficiency when different areas of the slides were examined. The number of signals visualized in nuclei were tabulated from areas of the slides in which nuclear overlap was minimal.
Statistical Analysis
SAS software, version 8 (Cary, NC) was used for analysis. Fisher's exact test was used to determine whether a significant association exists between each tumor type (papillary adenoma, papillary renal cell carcinoma) and three or more signals for each of the five chromosomes. A Cochran-MantelHaenszel test was also done to test for an overall association between tumor type and three or more signals, stratified by chromosome.
RESULTS
Clinicopathologic Features
The male-female ratio was 7:1 for renal papillary adenomas and 7:3 for papillary renal cell carcinomas (Table 1 ). All papillary renal adenomas were Յ5 mm in maximum diameter, ranging from 1 to 5 mm (mean ϭ 3 mm). Most of the carcinomas were Ͼ4 cm in diameter, and several were Nuclear Grade 3 or 4. Adenomas and carcinomas of type 1 and type 2 were included in the study (Fig. 1) . Five of the adenomas were from two patients who had multiple papillary adenomas.
Fluorescence In Situ Hybridization
In normal epithelial cells in the renal tubules, nuclei with three or four signals were occasionally seen but in no sample exceeded 12% of the total (Table 2) , whereas signal loss always remained at Ͻ20% of the total nuclei counted ( Fig. 2A) .
Three or more signals (Fig. 2B) were frequently observed in papillary adenomas (Table 3) : chromosomes 7 (range, 10 to 50%; Ն30% in 9 of 10), 17 (range, 10 to 47%; Ն30% in 7), 16 (range, 1 to 63%; Ն10% in 5), 12 (range, 0 to 32%; Ն10% in 4), and 20 (range, 5 to 49%; Ն10% in 5). No signal for Y was observed in 80 to 90% of nuclei in 9 adenomas from males. Three or more signals were frequent in papillary carcinomas: chromosomes 7 (range, 32 to 63%; Ն30% in 10 of 10), 17 (range, 28 to 61%; Ն30% in 7), 16 (range, 0 to 45%; Ն10% in 6), 12 (range, 1 to 37, Ն10% in 5), and 20 (range, 2 to 44%; Ն10% in 4). No signal for Y was observed in 12 to 88% (Ն81% in 6) of nuclei in seven carcinomas from males.
Statistical Analysis
There was no significant difference between renal papillary adenoma and papillary renal cell carcinoma in association with the presence of three or more signals for any chromosome, nor for three or more signals overall.
DISCUSSION
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The cytogenetic features of papillary renal cell carcinomas have been studied extensively, including a number of small tumors (10 -23) , but little is known of the cytogenetics of renal papillary adenomas (3, 4, 15, 17) . Kovacs et al. (3) and Dal Cin et al. (4) found that gains of chromosomes 7 and 17 and loss of Y occur in renal papillary adenoma. Gains of additional chromosomes, most frequently 12, 16, and 20, were suggested as responsible for the progression to papillary carcinoma. Henke and Erbersdobler (15) recently found that 4 of 17 (24%) renal papillary adenomas (all Յ5 mm in diameter) had three signals in Ͼ10% of nuclei for one or more of chromosomes 12, 16, and 20. These data agree with our results, indicating that gains of chromosomes in addition to those of 7 and 17 are frequent in papillary adenomas. Our data show that gains of chromosomes 7, 17, 16, 12, 20 and loss of the Y chromosome are common to both papillary renal cell carcinoma and papillary adenoma. These chromosomal aberrations occur in small tumors of a few millimeters in diameter, early in the evolution of papillary renal cell neoplasia.
The alternative possibility that these small papillary tumors are small carcinomas must be considered. This seems improbable to us because of the tremendously greater numbers of papillary adenomas than clinically detected papillary adenocarcinomas. The numerical relationship is similar to the relationship between colonic tubular adenomas and adenocarcinomas. Combining the chromosome data with the numerical relationship suggests that the early gains of chromosomes may be necessary for the initiation of papillary neoplasia and that papillary adenomas are precursors to papillary renal cell carcinomas, requiring additional genetic changes to acquire invasive and metastatic capabilities.
Previous efforts to study chromosome numbers in small, early papillary renal cell neoplasms have been impeded by methodologic difficulties. Because interphase fluorescent in situ hybridization consumes little tissue and is performed in situ, it facilitates the analysis of small lesions of the renal parenchyma. It permits distinction between normal renal tubules and neoplasm and between the neoplastic epithelial cells and the macrophages in the cores of the papillae in some tumors. Because a single 4-to 5-m paraffin section is all that is required to analyze for a chromosome, it is possible to study the gain or loss of multiple chromosomes in even a 2-or 3-mm tumor, which is difficult or impossible using traditional cytogenetic methods.
Recently, differences in the frequency of gains of chromosomes between type 1 and type 2 papillary renal cell carcinomas (24) have been found by comparative genomic hybridization (10, 14) . Gains of chromosomes 7 and 17 were detected in almost all type 1 tumors, whereas they were considerably less frequent in type 2 papillary renal cell carcinoma. In the limited population of our interphase cytogenetic study, type 1 and type 2 papillary renal cell carcinomas (24) do not appear to have different numbers of the chromosomes we studied.
In conclusion, our data indicate that gains of chromosomes 12, 16, and 20 occur early in the evolution of papillary renal cell neoplasia and do not seem to correlate with the transition from adenoma and carcinoma.
